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SpaCE: A Linguistic Knowledge-Driven Benchmark for Spatial Cognition Evaluation
Zhan Weidong, Sun Chunhui and Xiao Liming

Abstract Over the past two decades, deep learning technology has propelled machine natural language processing capabilities
to rival or even surpass human levels in many tasks. Machine learning does not directly utilize the outcomes of human linguistic
research (knowledge), but rather from human language materials (data). This situation should garner significant attention from
linguists. As large language models, driven purely by data and computational power, have nearly constructed a modern Tower
of Babel, the question of how to realize the value of linguistic knowledge through in-depth exploration of specific and subtle
language phenomena looms large over every linguistic researcher. This paper proposes a research approach that generates text

data from linguistic knowledge for evaluating machine understanding of spatial semantics. Over the past four years, we have
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organized four consecutive competitions on Chinese Spatial Cognition Evaluation (SpaCE): from SpaCE2021 to SpaCE2024,
including 6 sub-tasks: Determination of Spatial Information Validity, Detection of Spatial Anomalies, Recovery of Spatial
References, Identification of Spatial Semantic Roles, Recognition of Spatial Equivalences, and Spatial Position Reasoning.
This paper introduces the design philosophy, dataset creation process, dataset overview, and the performance characteristics of
machines in SpaCE tasks. Overall, large language models participating in the SpaCE competitions perform relatively well on
tasks that rely on surface distribution features, that is, tasks with formal cues, but poorly on tasks that depend on deep semantic
understanding, that is, tasks requiring cognitive abilities. In the current era of rapid Al development, where linguistic knowledge
is passively marginalized in the field of natural language processing, the value of linguistic knowledge needs to be redefined.
It should be used to guide the production of small, high-quality language data to enhance the effectiveness and efficiency of
machine learning. For computational applications, grammatical research should pursue more challenging goals—adequate
generation—beyond the objectives of adequate observation, description, and explanation.

Keywords artificial intelligence; large language models; linguistic knowledge; spatial semantic understanding; data
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1 SpaCE2023 [R] 5 1 I i) s B AH et ) o

% 5 SpaCE2022 1 SpaCE2023 iEill{E & th € B SR # B 5 i+ 5=

P RS S B Fag | A | REDE | FEER | FEESK/ %
task2 7068 0 7068 1351 3476 49.18
task3 2132 1994 128 1351 1351 63.37
SpaCE2022
task2—test 1402 0 1402 59 66 4.71
task3—test 396 387 9 59 59 14.90
task1 7047 0 7047 1681 4562 64.74
task2 2163 2008 155 1681 1681 77.72
SpaCE2023
task [—test 1385 0 1385 220 632 45.63
task2—test 427 401 26 220 220 51.52
55 5 ARMEM F AR SCA iR S B2 i ) . SR R e nl i ikl i ST mrxd, ARMERA ArE R IR

XM, X—

1 55 09 530 AR 2 B AT X4 B9 5 LA SR, MKEE N T4 RS BT A

“SFIEIR ST AR TERE, TR I B DR IR 0 2R SRR ) R AR U TR, 3R 6 IR T GPT-4 il

Al IR L

"R T
#6 FIAKEBSHELR “BREAL” AR

#RiE (prompt )

WE B, HPa s NS m g5 EE . RBOShLAa s i XA R
Bl UL —1, P95 DUR B SCAS Y 7 Bl TR 7o SRR X P B SO g R i
A WX RE R 2 [ R R . AR uE, A PIBGE hA — b2 5, R M R ORAR
[l g, (EUAE Bl BT i ik 14 25 ] 37 S A R AR T Y

GPT—4

JESC: FERXATEMU A P, — O L i A e B AT, N — A
VISR . AERXA MR, (A FE R LA BT, WH A A .

$2/R 15 ( prompt )

HE—BOh, s Asn s mg s E e . XBOn P f SERIRE T XA, R
JEAEIX B8 DL — 13, FRREPE DS iSO i e Bl ML el e R RATH o ZORAT
JE X P BECAR R R WX R A g A R iR e, RV P BGE TR A — A i 22
Sl SERIR PR M ER R AR, (ERE BTG P AR i 25 18] 5 AR A R Y

GPT+4

JESC ARSI R T L, U ATT AT AZE SRR E R A P Bk RE BB AR, YAl
R, ERERB— LTI, SRAR R Rk B E I A

PEULSCA . FEiX A SE M T L, U AT AT ATE SR F AR b kI A SRS, Y
M E B B i, fEREA I — AR B IX, R AL FR SEIR A BB TR AT

@ SpaCE2022
(@ SpaCE2023

[alf5 BORBI” 4555, task3 &

£ “IS [ UM bR AR5
23 (a5 BUUI AT55, task2 J2

MY task2 J& “ SR
R “os [l L ObRE” TS

[ taskl J&
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1255 6 [ AW HE AN H AR TE R R B, N T gn 5 R R A K, 1 HARMECR IR T & .
U, FRATHRE T — I T S R A R MR B R T B AR R A £l 5 i (data synthesis ) 7k
CRE 53 30 ) o FifE—A il

(9) AR, BEZ. ABAT, BN ITWARIRETEIR, LEWAFELE, FES

AEFEE, BHALABA, LAAGHAGATG, LEQAGHARALR, BHEAGIODHL, T

. BEZENEALLERERIAETFARE L, BARLET T

S EKBANE, ER: HEZAE ExfE, (H3)
T H 8 5 vk 0 RE AR AR BT — A BBy &5 A i R

(FCrp ST ARBCE A . SR A O R EE ), W A% 2 6] A R i
VR SO (A i 25 TR A Ja 1) 45 S A4 7 67 A5 I8 I o R4 S
W) R EEALA I CAERL) n SR, 1% n S5m0 R 5 IA 5t — > 58
A Jey, SRIE DA n—1 S A BB, 6N A9 1 Sk
RN B A 1 B v N g 151155 G- i B 37 ) L1 1 | B o A B = R S £
MEFE, Har S AR EE, S A MG CHXT ) FBlAE, SN
CFEXT ) FlAe, —JZRPIYEY) AR5 4 K25 R, A a1 i 4000 154
A,
A4 1 AR B VR 5 B 5E R T M SpaCE2021 £ SpaCE2024 AUALHE N T, ERHIAL N 7 FTR .

&7 SpaCE RIITMEFZHESE (EHERLINE ) AREITHER

B3 MAFEEEHETEE

it SpaCE2021 SpaCE2022 SpaCE2023 SpaCE2024
WA TR 4k 42 000 000 89 740 377 — —

B D ) A 4 463 6643 — —
P SR AT AL 45574 698 476 — —
BTG A I ) )AL 402 5095 — 6868

O A S5 AT R 40 091 543316 — 1009 658
FRIETERIAS 2 A5 16 692 47920 — —
FRIETE R AT &2 ) 4L 2088 037 5557501 — —
A& S NN =R 7738 18 907 — 7654
BAR g A EE )T 863 669 2158 803 — 1115583
BRI A UL 18 236 24947 9565 10373
Bn g ST 2034101 2 849 795 1079 826 1859 261

i Z UL 2, SpaCE2023 il SpaCE2024 i B 44 Jit [ SpaCE2022 i khit (3 0.9 /277 ). i%if Kt
T — R TR S L 83%, Bk AE R 17%. BUE AR RBIER (36% ), SCEEAE A E R
(25%), H/NERSCIRATERL (20% ), 35 2% 2 [ B 58 AR DG I8 SO A i b A5 A28 1R (2% ) 5 5
HOLAE: sCE R BT BIER (9%), KB IEIGBMER (6%), HWIEEARHER (2%). R&4HG
| SpaCE2022 #4 4t £ B 3L 2 2.5 J7 JRiFkl, WA BHC VG R 16 ~ 256 5, PR 114.23 5, #5
22 49.64 7, BTHL 285 T,

@ HH A R S L S [R) SRR 4E SpartQA ( Mirzaee et al. 2021 ) /b, J5 3%k 138 857 4. {H SpaCE2024 %5 [] 3 Z #
TR rb A Fr 23 (R RIS H | SRR S TR 5 A 06 B RIS (32 Fh ) JEZ T SpartQA (7 Fh ). 33K IR 2 T i A B M
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SpaCE2023 X A £l il 1 B it (AL AL B, SR3E MUHT 1935 K} SpaCE2024 75 i A B iy b /NiE 4™ 78
TAERHR R, (A AR A T — AR (A ) O R AE S ) . SpaCE2024 Xif 4 AT 55 48— K
M FEEIE Ak ar i, BT 5AMMES: S BE B (DSA), Bk Z A K%hl (RSR),
25 A o A AR vE (ISR), 25 [ 3k S R LA 5] (RSE), 2[5 & RHfEFE (SPR), £ 8 /&
SpaCE2024 %415 £ 25 AT 55 Bl U g i h 36

#* 8 SpaCE2024 #FEEEMEEFEITE

By VS BEE ML &1
L -57 5 2k Bk Lk e ik BV Lk
1647 0
DSA 1077 0 40 0 530 0
1647
1676 | 272
RSR 937 161 226 24 513 87
1948
2036 | 47
ISR 1074 19 186 4 776 24
2083
580 | 151
RSE 4 1 44 1 541 139
740
2910 | 1045
SPR 909 301 468 207 1533 537
3955
4001 482 964 246 3893 787 8858 | 1515
#it
4483 1210 4680 10 373

9. DL m)iE ORI RE T P &5 SR ) 220 Ar

KT SpaCE i FEF T S|AGM R, WS HETRE (2022), H 5% (20232, 2023b),
AT 7E SpaCE P10 100 34 A5 1) BE% o A1 XF L2 R BUE A S Y LA 7 w22 0 i, RO BB T
SpaCE2024 FEH &R 73 S RGLAE 5 WUL 55 LA 16 0L

®9 SpaCE2024 N KRIEFHEMSEE (RAMI B+ 21N ELRGE )

X0 Bor B35 L3 ISR RSR DSA RSE SPR
¥4 60.24 64.90 37.45 93.64 89.47 84.80 56.31 34.71
%24 59.69 64.34 36.93 91.43 84.91 81.00 5431 37.16
%34 59.49 63.55 39.66 94.29 77.19 78.00 58.77 37.11
ek 47.92 5437 16.38 88.18 75.09 68.60 42.00 21.96
ek 2 46.29 52.94 13.78 85.19 54.39 65.60 45.08 25.00

SpaCE2024 ()5 %8 R 4t 4B K F KB 5 WA 58 AL 55 ( HAR BE 88 a9 AR 78 K R UK s 45 AN T ) o
L OWMMARGAE S TS LRI E NAEBAHET . TUESR, BRIESS A A ObRE . Bk SR

@ HLL 1 RIFIEARYGE: Qwenl.5-7B-Chat S 5 ARIEL (10 (S8R )5 H4R 2 R MR R S8 GPT-4-1106-preview FiE! (T
ML ITALBHGN ) o RIS 1 419 RGAUR T Qwenl.5-7B-Chat T JFE B0 58 B AT, 55 2 44 RS0k Qwenl.5-7B 4hif 5% 1
HARBARI B S A58, 4 3 44 RGUR N ChatGPT—4o MR R L2 WA SIE A 2 . TR MOCRMEE L, S0 1 SRS
WSS 3.
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B AMET S S LS ORI SRR 55 LARBLE O I, e S R SR 23 1A 5 R BT 55 R B
A, JUHREA BRI S, REFNEGTHAR 38 70, (HBERERE, 70 UM ORTE. stk
M el S A E BUUIME 5 b, JEER 1 BN GTRd SELR 2, BEUIXE T AR SRR, B
ORI R SO 28 8] 5C ZR B AR ME Sy . NGRS R B A A 95 26 0, 2k 1
R T I 2, HiBcA ULRACR, B A S BOREHE 21 8 025 94

N PR 2 — 8 SpaCE2023 9 3 > TAE 55 LIHLAR R U oL, R 10 R T REL RS (BT
BERT fii# ! ) 7 SpaCE2023 Y taskl ( 5% 25 {5 SUN ) Al task2 (23 [6)3f UM @ bniE ) M4 T4L
55 [ R4 0 B AR OGP

£ 10 HZH#R (BERT) 7 SpaCE2023-task1 # task2 FiE# 85X ZE# (P =0.01)

Gt FLLRARY
T task] [’ P (632 81 ) A t1-t2 1553 A OC R 4K 0.10
FET task2 [A] PR (220 0 ) & 2-t1 7443 A AH OC FR 8K 0.17
XF Febr it ——task1 55 task2 F5-53 (140 ¢ R 4L 0.10
S 0.12
X5 taskl 5 task2 1543 Ay AH o5& R EL P 0.08
0.17

BERT 7 i 52 B 7% task1 Fl task2 W/E 55 LA B R R IUREE, 152040l & 0.55 F1 0.48, HIRIZE P
AT S5 IR AR i G AH OC R BCRF AR . X UL LES7E 58 BUAS (R 3 SCHR AR AT 55 B, RIS J2 ] — Sl Y
ANEFAES, VPAFRERE X R R ST 2], A 1T K215 2

12T KIEFRIAALE SpaCE2023-task3 ( FIE [R] LA GIAE S ) LRy P EEE LA
K CHAA 100 8 ), A—E RN KIE TR ARG LTS, AEMSFEENZ, ChatGPT-3.5 7F
I SO 1755 W FIB R SCBAR 12 DA 3 5, DR RE ROBOR TR J AL AR e 1 B A AR
WM BRI R, BN HEERD, 4RSS CFIES L, X8 T
. MILZ T, “SIBR L JETEF 205838 M B RE I O T 07 A i LB, KO S RE Ay R
AAXTER 2, WAt ZER I Z T (A %F AR Liu et al. ( 2023 ) 2T “4324i &b (out of distribution, OOD ) %k
i W IR AR BEAE 1 MR ©) .

% 11 ChatGPT-3.5 # SpaCE2023-task3 ( 100 Elli® 5 ) FHIRM

SIERICER] | S | RS | SRR H bt R R &5 | RGBS | BS
I v A [ 57 24 33 35(61.40%) | 22.4(39.30%) 0.36 0.44 0.39
# 1k 3] 24 13 11 20(83.33%) | 10.0(41.67%) 0.32 0.53 0.42
Jr v ia] AL 6 6 0 6(100.00%) | 2.8(46.67%) 0.47 — 0.47
Z A ] 6 4 2 5(83.33%) 2.2(36.67%) 0.43 0.65 0.37
EsN=SUEd 4 4 0 3(75.00%) 1.7(42.50%) 0.23 — 0.43
7557 1) LA ) 2 2 0 1(50.00%) 0.7(35.00%) 0.35 — 0.35
TR R R R 1 1 0 1(100.00%) 0.0(0.00%) 0.00 — 0.00
&t 100 54 46 71(71.00%) | 40.4(40.40%) 0.35 0.47 0.40

@D Liuetal.(2023) #H T AR-LSAT 54l 4, ¥4k GPT-4 (132 #54f B GE 1 . GPT-4 7 AR-LSAT %4l 4 L (% i &t 33.48
g3 (43 100 43 ) .
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VR AR R 2 AL SRR AR D PR EREE EIR % £ BRI 9T —

25 ] B3R 9 SV [R) SCBRG AT AR [ £ BE IR R0 2 o X e BRI DK 53 SChie o ik BLRT R 36 11
a2 Jr i REAHEE < B R R B shias W BT R SR s DA X
WE T S IR 7 i AR < H-h-p JSURE s iR e R e Bk
AT~k L7 7 SLAY T IE o SpaCE2023—task3 BoRHLEE /> P AL &1, eIl — LA @ T “SRIB R L7
AR “FILR X A, SRJG PR IE - AR S, BRI B . R 10 Ry R R R
PSS BT HLAs R B .

BIRTE, XKEZT BB, SpaCE 25125 [AliE L FRARAE S0, IROR 2 i PREMEAT &5 Aok
7] 5 1 2 2 R MR A 2 T 20 A AR AE (B R ), WA b bl 25 5 AR B (R 6, T M AR IR 2 38 5L
BT CINHRE ST ), B AT AR A A VI SRRE A B0 B/ NAT 55, DLER LIRS 5 KRBT, AL
BT 4 SpaCE RIIMT 45 1 AKMRM R (TS HE TR, %2022), HEEEKE, X TS
SCH R SRR SRR 3 AR TR AR 45, 08 A A IR A R R T AR R A A
Z A1 R 58 R — B, X MoK 53 SCitig

. &R

AR N A T TR 2R B SpaCE R FBF-INAT 55 LA KA L A8 8504 48 i /E TAE ) &
AL o XTI TR A VFZ ] Bk Z AL, He il & 28 23 (A i J MR a3, U8 N AR 254
it S MR AR N A TE 200 R IR A RIE AR ], A

6T 1] R F AR A 5 RE D IR AR, AR ST E R R B0 1) —— R 1 O
F—— AR AT ARSI S AR a1 S RE MK ), AR e B A I (R ) .
QR R A R SR, B rT DUE TR S R, R TR A A R o SpaCE2024 H i 7 i) 5C
AR, SR MR F AR RSB R e A s B — szl Bt 0, RATHELE . f
BIEERE N . TR LI 52, ATikiE S =Mk RGebds 5 IR A
A" m9iEE TR 7475 1 AT, 16 F MR im0 7 T DL P vl S iR R I 2, B
A RHER SR R AN s TS ET IS S AT, 3 A U (T R
SENL, BRI T46 A 7 /N TR 1 e il B 5 BE . AR DURAR, 2 DA (RIERE) JEaX
K CMIFRHLAF IR ML, SR T LA ) B RCR AR R H R .

TR TR “AERUEF 27 ar, B UGEIEROE R AR, B C—MEE (L) 1Y
AR — A E I LRSI A AT AR L P81 A93E & (Chomsky 1957, 25 255 ). WAL R
Y REABCEN X — ad, WAL SE L T AT B TR A B Y ) ) “All and only” (12 ¥l ( Chomsky 1957,
B8 E ). EARMBHMUEFT, A TIFE NI H A, BOFTE T 0 5 AR WA £ S A1 e ph e Y
3ANEER “XIES IR WMELFE 5 (observational adequacy ) . iS5 7543 ( descriptive adequacy ) . i B 78
4% (explanatory adequacy ) ” ( Chomsky 1965, % 1% ) Z [, N iZFHA& — 5 B8k vk B R
H 5354 ( generative adequacy ) .

1965 4F, i DURY B2 245 & PP R B A E - 2% 2 (Richard Feynman ) 75 84k I8 T —1] 4

@O  SpaCE2023-task3 #4345 i 1] 2 WL https://2030nlp.github.io/SpaCE2023/#eval,,
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2. “What I cannot create, I do not understand.” ( —/>=5 9 ] BRAR AT H2 2R G208 . ) @ 4 T ChatGPT
1) OpenAl 2 ) [ BEAL I AT 1 AR BN T RERO B 7. © TR A i, R 35 42 4 A B0 % R 4
e BRI SR IO I TR L AT S5 4 F5 i 0 G 7 e 5 I 1 AT N T I R LT S b 7 © i e
AR, PR BUORIES D HENRIE K — 80, SO LIRS . R I IR R SR AR T B, SR AR AR
Bt

TH S 2SR R W 122 P TSR LR e B 5 5 018 5 R AR A o LU AN T AT B 3 A IS 2 {5 4
SR 6T A R R E R, IR BBk . @ A TR A ST B O A ALBFSE R, il i iR
Az R, PR T BRI SR AN, ASAURT DR S IR A T ARV, AT DL B ) SR A Y
PERE. T AESE AN UE BUBOIE PRI . 1B CRIRETTEERY T . bk, WARE F IR Ie I A B
“IERAIE F AR, AT BB W A MIEF RS, SRR, Bk, BE%
TAE# RO A B ALY, BUEME B A C BN T, K 20 AR R A TS F R . R
AR R, A I — I A s . AE ALRH, 18 T 2 ES MR B S AR R (BIE ) Ay, i
AL S HTEE I fiff 191 )

S5 Uk

W, M, ADAR, & 2021 ( AAAEF PRI A A RS X0 ), (R SOE B ) 2021 A5 6 1.

MO, IVEIE, BT, % 2023a ( SpaCE2022 Hh 3055 ()i LRI INAE 55 Bl S 7 i ), 8 (SR =+ =
Ji IR S R KA1 CEE ), httpsi/aclanthology.org/2023.ccl-1.48/,

MO, B, MBS, % 2023b (CCL23-Eval {155 4 B 454 45 = rb o0z [l SCHAg vl ), 2 (4
TR R EIEF RS ), hitps://aclanthology.org/2023.ccl-3.14/,

EIAR 2024 (AfTIFAS LS OB F RE 17 ), IR, B H g% (ChatGPT R | ——iH & B2 Wil & 1F
ChatGPT ), bifg: F#EZH MR,

BEIAR, INVEE, BN, 5 2022 (75 H) 5 SCHERAE 1 PP AT 55 503 4 87 S8 ——SpaCE2021 ¥4 45 (1 F
il ), CHEFSCFRE ) 2022 AR5 2 4.

Chollet, F. 2019. On the Measure of Intelligence. https://arxiv.org/abs/1911.01547.

Chomsky, N. 1957. Syntactic Structure. The Hague: Mouton.

Chomsky, N. 1965. Aspects of the Theory of Syntax. Cambridge Mass.: MIT Press.

Chomsky, N. 1986. Knowledge of Language: It's Nature, Origin and Use. New York: Praeger Publishers.

Chomsky, N., I. Roberts & J. Watumull. 2023. The false promise of ChatGPT. The New York Times, March 8. https://www.
nytimes.com/2023/03/08/opinion/noam-chomsky-chatgpt-ai.html.

Hinton, G. 2024. 3 il #{ 52 75 2 /K 22 K27 3 It F v W 22 55 (UCD Ulysses Medal ) i JF 22 & . https://www.youtube.

(D  https://digital.archives.caltech.edu/collections/Images/1.10-29/,,

(2  https://openai.com/index/generative-models/,

@ FERH CBEENITAS ), BB A S BT 2023 4F 11 A 14 H . https:/qze.tsinghua.edu.cn/info/1017/4641.
htm,

@ ZEHERMTmAE R, 5 B GPT4o KBMAER, WA AEMH 52 21080 1 047

(1) a. The mechanic who fixed the car carefully packed his tools.
b. Carefully, the mechanic who fixed the car packed his tools. ¥ 41) & LA [X. 11 2
(2) John is too stubborn to talk to. X AJiE AR ?  “talk to” L A A i BRI 7
(3) There () a pen and two books on the desk. {5 Py A 4 Hii] 2
11 L https:/github.com/dOubtfire/LLM_Evaulation/tree/main/ X} [, K% %! /Linguistic Knowledge and Proficiency Test.
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com/watch?v=III2DbLVB(E. 3 UL {ZANsh L « SFiiiesz JUR DU R Bt A R ARG ), FRiEE, %8, CHIUES
) 2024 AR5 4 1)
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